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OBJECTIVE: Body mass index (BMI) and knee osteoarthritis have a strong association, but other anthropometric
measures lack such associations. To date, no study has evaluated non-obese knee osteoarthritis to negate the
systemic and metabolic effects of obesity. This study examines the validity of the contention that BMI and other
anthropometric measures have a significant relationship with knee osteoarthritis.
METHODS: In total, 180 subjects with a diagnosis of knee osteoarthritis were recruited and classified according to
Kellgren-Lawrence (KL) grades. Body mass index, mid-upper arm circumference, waist-hip ratio and triceps-skinfold
thickness were recorded by standard procedures. Osteoarthritis outcome scores (WOMAC) were evaluated.
RESULTS: (1) In both genders, the BMI was significantly higher for KL grade 4 than for grade 2; triceps-skinfold
thickness was positively correlated with the joint space width of the tibial medial compartment. (2) In males, triceps-
skinfold thickness significantly increased as the KL grades moved from 2 to 4; the significantly higher BMI found in
varus aligned knees was positively correlated with WOMAC scores. (3) In females, the waist-hip ratio was
significantly higher for KL grade 4 than for grade 2; a significant correlation was found between BMI and WOMAC
scores. The waist-hip ratio was significantly associated with varus aligned knees and it positively correlated with
WOMAC scores and with the joint space width of the tibial medial compartment. The mid-upper arm circumference
demonstrated no correlation with knee osteoarthritis.
CONCLUSION: This study validates the contention that BMI and other anthropometric measures have a significant
association with knee osteoarthritis. Contrary to common belief, the triceps-skinfold thickness (peripheral fat) in
males and the waist-hip ratio (central fat) in females were more strongly associated with knee osteoarthritis than
BMI.
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INTRODUCTION
Osteoarthritis (OA) is a degenerative joint disease of
multifactorial origin.1 Estimated population prevalence varies
from 4-30% depending on the age, sex and disease definition.2
Risk factor include obesity, previous knee injury, selected
physical activities, the presence of hand OA (Heberden’s
nodes) and the family history of the disease.3,4 Of all the risk
factors known, obesity is most strongly associated with
development and progression5-9 of KOA. Two major theories
have been proposed to explain this association: biomechanical
and systemic/metabolic mechanisms10.The biomechanical
theory suggests that obesity increases axial loading (local
effect) with consequent degeneration of articular cartilage,
whereas metabolic theory proposes that some metabolic
factors adversely affect cartilage and obesity acts indirectly
to increase the risk of KOA.11
Anthropometry is the study of the measurement of the
human body in terms of the dimension of bone, muscle and
adipose tissue. Literature shows that muscle mass or muscle
strength is protective for the development of Osteoar-
thritis.12-14 Because BMI is a measure of both fat and lean
mass, the relative contribution of adipose tissue and muscle
mass, and their contribution to muscle strength cannot be
disaggregated.15 Anthropometric measurements such as
BMI, skin fold thickness and mid upper arm circumferences
will allow cross- sectional analysis of the relationship
between obesity and risk of disease.
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The purpose of the present study was to examine the
validity of the contention that BMI and other anthropo-
metric measures have a significant relationship with the
severity of Osteoarthritis knee in non-obese subjects.
METHODOLOGY
Study sample
Six hundred sixty seven individuals attending Ortho-
paedic OPD with knee pain underwent a physician lead
clinical and radiological examination to verify their elig-
ibility for inclusion as per guidelines of American College of
Rheumatology (ACR)16. Individuals with any evidence of
secondary OA, inflammatory arthritis and those with
neurological conditions were excluded. Also excluded were
obese individuals having BMI .30. 180 cases of primary
Osteoarthritis knee (KOA) could be enrolled for the study.
Ethical approval for the study was granted by the institu-
tional ethics committee. The voluntary written consent was
taken from all the subjects for participation in the study.
Demographic data for all subjects were obtained by self
report.
Outcome variable
Osteoarthritis knee. Weight bearing antero-posterior
and recumbent lateral knee radiographs were taken by
standard procedures. All the radiographs were evaluated by
at least two readers with a third consensus reader for the
presence of KOA defined by the Kellgren-Lawrence (KL)
grade.17 OA was defined as the presence of at least one knee
with a grade 2 or higher. Joint space width of tibial medial
compartment (TMC) and tibial lateral compartment (TLC)
were measured18 in mms and Tibio-femoral alignment was
measured19 as either .180 or ,180 depending on valgus or
varus malalignent.
Clinical scores. Clinical assessment was done by - Visual
analogue scale (VAS) for knee pain and Western Ontario
McMaster Universities Osteoarthritis (WOMAC)20 Index for
knee pain and knee related disability.
Exposure variable
Anthropometric measures. Measurements were taken at
the time of diagnosis. The patients were weighed with a
calibrated balance beam scale to the nearest 0.1 kg in
possible minimum clothing and standing height was
measured with Stadiometer in centimeters (cms). Mid
upper arm circumference, Triceps skin fold thickness and
Waist hip ratio was measured by standard procedure at
standard location.21 Physical activity scores were calculated
by Framingham physical activity index.28
Statistical analysis
The descriptive statistics of the subjects were calculated
(mean¡SD). The One way analysis of variance (ANOVA)
was used to estimate the significant difference between/
among various anthropometric measures and severity of
Osteoarthritis knee in terms of KL grades and LSD pair-wise
test was applied in case of any variable found to be
significant in ANOVA. Difference of mean values of
anthropometric measurements was analyzed by non-paired
t-test between dichotomous variables of KL grade, whereas
Pearson product correlation was used for continuous
variable of KL grades and anthropometric measures. Data
was analyzed using Statistical Package of Social Sciences
(SPSS) version 11.5.
RESULTS
The age of the subjects varied from 40 to 72 years (mean
54.11 years). Out of total number of 180 subjects, 57 were
males and 123 females. 99 (55%) were overweight with male
female ratio being 28:71 and 81 (45%) were normal in a ratio
of 29:52. 9 males and 13 females were in KL grade 2, 32
males and 71 females in KL grade 3 and 16 males and 39
females in KL grade 4.
Age was not associated with severity of KOA. Physical
activity scores were significantly associated, as KL grade 2
had higher score (33.91¡4.20, 32.88¡3.50) in comparison to
KL grade 3 (33.40¡4.71, 31.56¡2.80) and 4 (31.31¡4.90,
30.59¡3.10) in males and females respectively (Table 1).
In both the genders BMI was not significantly different
amongst 3 KL grades studied together, however pair-wise
comparison showed that difference was significant between
KL grade 2 and 4 in males and in females (p = 0.048,
p = 0.046). TSFT, in males was significantly higher in KL
grade 4 (13.95¡1.36) in comparison to KL grade 3 (12.83¡
1.90) and KL grade 2 (12.22¡2.11). Such an association of
TSFT was not found in females. WHR, in females was
marginally significant amongst all 3 grades, however pair-
wise comparison showed a significant higher WHR in
KL grade 4 (0.86¡0.10) in comparison to KL grade 2
(0.82¡0.09) (Table 1). No significant difference was found
for MUAC in either gender.
Anthropometric measures under study were further
correlated with individual radiological features of KL grade.
Similarly, clinical evaluation of disease severity by VAS and
WOMAC index were correlated with anthropometric
measures (Table 2).
No significant difference was found between anthropo-
metric measures and osteophytes in either compartment in
both the gender. In tibio-femoral mal-alignment (varus),
there was significant higher mean of BMI (25.95¡2.45,
24.53¡2.72, p = 0.04) in males and higher WHR (0.84¡0.09,
0.81¡0.09, p = 0.04) in females. Joint space width (JSW) of
TLC was not correlated with any of the anthropometric
measures in either gender. However, JSW of TMC in males
was significantly negatively correlated with two anthropo-
metric measures- BMI (r = -0.32, p = 0.01) and TSFT (r = -
0.37, p = 0.01). In females, significant decrease of TMC was
defined by WHR (r = -0.21, p= 0.02) and TSFT (r = -0.17,
p = 0.04). VAS was not significantly correlated with any of
the anthropometric measures in either group. WOMAC
scores were positively correlated with BMI both in males
(r = 0.23, p = 0.04) and in females (r = 0.24, p = 0.01).
Additionally it was also defined by WHR (r = 0.25,
p = 0.01) in females (Table 2).
DISCUSSION
The purpose of the present study was to examine the
validity of the contention that BMI and other anthropo-
metric measurements have a significant relationship with
osteoarthritis knee in non-obese subjects. Non obese subjects
were taken for study to negate the systemic and metabolic
effects of obesity.
Several studies have shown that body weight rather than
body fat distribution is independently associated with
KOA22,23 Davis MA suggests that body fat distribution also
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play a significant role in KOA.22 Lauren M Abbathe23 found
that body composition measurements from DXA and fat
distribution by MRI were not strongly associated with KOA
and concluded that such measurements offer no advantage
over the simpler measures of BMI or weight in assessment
of KOA. After extensive literature search we focused our
study on the anthropometric measures which were simple
to document and have evidence for their role in obesity –
BMI is a heuristic measure of body weight based on a
person’s weight and height. Though it does not actually
measure the percentage of body fat, it is used to estimate a
healthy body weight based on a person’s height. MUAC is a
major determinant of arm muscle and subcutaneous fat,
TSFT determine peripheral fat distribution and WHR
central fat distribution.
On analysis of the effects of anthropometric measures on
KOA, in all the subjects taken together, only BMI was found
to have a significant effect. However when data was
bifurcated according to genders, BMI and TSFT were
associated with disease in males and the association was
stronger for TSFT. In females BMI and WHR were
significant and WHR was more strongly associated.
On analysis of individual radiological features, Joint
space width of TMC in relation to BMI and TSFT was
found negatively correlated as in previous studies18, but
when data was divided gender wise, in males decrease of
TMC was defined by BMI and TSFT, however in females
decrease of TMC was defined by WHR and TSFT.
David T Felson8 postulated that the risk of progression of
KOA increased significantly with an increase in weight.
However this progression was not present in all, but limited
to knees from limbs that were moderately mal-aligned. In
neutrally aligned limbs on one end of the spectrum and
severely malaligned limbs on the other had no effect on risk
of KOA progression. Leena Sharma24 et al found a
relationship between BMI and radiographic KOA with
varus deformity but not in those with valgus knee. BMI
correlated with the severity of varus mal-alignment. The
authors were unable to account whether the association
precedes or follows the onset of disease. This dilemma has
persisted for too long and has been reported by others also.
In this study, when all subjects taken together were divided
according to tibio-femoral alignment (varus/valgus), as
expected we found BMI was associated with varus.
However, when data was bifurcated according to genders,
the association of BMI and varus was found only in males
and in females it was associated with WHR.
Osteophytosis is the first and the cardinal feature in
diagnosis of KOA, but we found that inspite of high
prevalence BMI and all other anthropometric measures
were inconsistently associated with osteophyte formation.
These results provide direct evidence that increasing weight
(BMI) may not induce osteophyte formation.
In relation to association of knee pain and anthropometric
measures BMI was positively correlated to WOMAC index.
Our findings were consistent with those of Jinks C25, Rogers
MW26 and Marks R.27 On gender based analysis, WHR also
emerged a significant factor in females.
This study has a number of limitations. Measurement
error may influence results, however, a positive interrela-
tion of anthropometric measures and high reproducibility of
radiological measures suggest that this is unlikely. Secondly
this study was cross sectional in design and cannot
comment on causal directions, thus longitudinal data will
be required to confirm these results. Finally there may be
confounding factors for which our analysis has been unable
to account. Such influences might include for example the
use of medication, occupation, physical activities and other
health problems like cardio vascular disease. This is a true
representation of KOA of idiopathic variety and finding a
significant association is meaningful and a justifiable
evidence.
CONCLUSION
This study validates the contention that BMI and other
anthropometric measures have a significant association with
KOA. Contrary to common belief, peripheral fat in males
and central fat in females were more strongly associated
with KOA in comparison to heuristic body weight.
Subcutaneous fat has no correlation with KOA. Clinicians
and therapists may augment and formulate a need based
physical therapy accordingly.
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